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A METHOD AND A DEVICE FOR ASSISTING THE PILOTING OF A 
ROTARY WING AIRCRAFT IN THE VICINITY OF A LANDING OR 
TAKEOFF POINT 

The present invention relates to a method and a 
5 device for assisting the pilot of a rotary wing aircraft 
in the vicinity of a landing or takeoff point. 

The technical field of the invention is that of 
providing pilot ! s associate systems for rotary wing 
aircraft such as helicopters. 

10 An object of the invention is to give the pilot of 

an aircraft means for rapidly defining a landing point 
and an approach and/or takeoff procedure that are safe 
relative to the relief surrounding said point. 

An object of the invention is to enable said means 

15 to be usable in flight so that the pilot, when performing 
a specific mission of the emergency medical service (EMS) 
type, can construct a portion of the future route while 
already in flight. To do this, the invention must be 
fast in use and must give the pilot a complete perception 

20 of the route being constructed. 

An object of the invention is to make it possible to 
define landing and takeoff procures that can be used 
equally well under visual meteorological conditions (VMC) 
in which the pilot can ensure safety visually relative to 

25 the relief, and under instrument meteorological 

conditions (IMC) in which the pilot cannot see the 
relief, and flight safety is ensured by precisely 
following a route that has previously been found to be 
safe by using terrain databases. 

30 In order to construct a safe flight plan, a pilot 

can make use of aeronautical charts showing relief; by 
applying overflight margins, the pilot can deduce 
waypoints and flight altitudes that can subsequently be 
input blind. This inputting can be performed using a 

35 dedicated terminal of the control and display unit (CDU) 
type. The safety of that technique is rather poor since 
it is associated both with the quality with which points 
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and segments are input and with the quality of the use 
made of aeronautical charts. 

Numerous ant i- coll is ion systems have been proposed 
for aircraft. 

5 According to US patent No. 6 421 603 Bl, the pilot 

defines a route and the system verifies interference 
between the route and the ground on the basis of data 
contained in a "terrain" database. The pilot can modify 
the route in order to find a safe solution by successive 

10 iterations. 

According to US patent No. 6 424 889 Bl and French 
patent No. 2 789 771, a system calculates a horizontal 
trajectory for avoiding dangerous zones as a function of 
the relief known to a terrain database and as a function 

15 of constraints given by the pilot; that makes it possible 
to define a route that is deemed to be safe relative to 
obstacles, but it requires large computation resources. 
That system does not allow the pilot to control 
generation of the route; the pilot discovers the proposed 

20 solution once the calculation has terminated, and can 
then change the constraints in order to run a new 
calculation. 

Those systems are not adapted to approach or takeoff 
stages, and they do not lead to an ergonomic display of 

25 the risks encountered during said stages of flight. 

US patent application No. 2003 107499 and French 
patent application FR 2 813 963 propose a device for 
providing assistance in air navigation for mounting on 
board an aircraft, the device including a display module 

3 0 arranged to display in real time a two-dimensional 

representation of the relief in front of the aircraft 
relative to the position and the movement of the 
aircraft; that representation relates to a region 
displayed in the form of an angular sector of apex 

35 corresponding to the position of the aircraft; according 
to those documents, the issuing of alerts is inhibited in 
part during a landing or takeoff stage. 
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Such a display system is not adapted to defining a 
safe approach or takeoff procedure for a rotary wing 
aircraft . 

An object of the invention is to propose a method 
5 and a device for assisting the piloting of such an 
aircraft in those stages of flight. 

Document WO 02/39058 relates to a system for 
assisting air navigation by displaying navigation data in 
a horizontal mode and in a vertical mode on the 
10 appearance of an event such as detecting a nearby 
obstacle . 

Such a system is not adapted to defining a safe 
approach or takeoff procedure for an arbitrary landing 
point . 

15 An object of the invention is to provide a method 

and a device for assisting in air navigation, which 
method and device are improved, or remedy at least in 
part, the omissions and the drawbacks of prior art 
methods and devices. 

20 According to an aspect of the invention, a method is 

provided for assisting the piloting of an aircraft with 
respect to a given landing point and approach altitude 
(or takeoff point and departure altitude) , the method 
comprising determining the locus of all entry points for 

25 landing procedures that are not safe relative to the 

relief, and/or the locus of all exit points for takeoff 
procedures that are not safe relative to the relief, and 
displaying the locus or locuses on a display screen 
showing the geographical environment around a landing 

30 point. 

In the meaning of the present application, the term 
"landing point" is used, depending on context, to 
designate either a landing point proper or a takeoff 
point . 

35 The pilot can thus position the entry or exit point 

of the landing/takeoff procedure directly and 
interactively in a zone where the entry or exit points 
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are deemed to be safe, while optimizing the selected 
point as a function of constraints such as wind 
direction, zones where overflying is prohibited, and the 
performance of the aircraft . 
5 The invention makes it possible to determine a 

landing point that maximizes landing solutions, and thus 
makes it possible to select a landing point for which 
landing solutions are closest to the above-mentioned 
constraints . 

10 In another aspect of the invention, in order to 

determine the locus of these entry and/or exit points 
corresponding to procedures that are not safe, a surface 
is determined that rests against obstacles extending 
around the landing point. This surface includes an angle 

15 point that is attached to (coincides with) the landing 
point, and presents an upwardly- flared shape starting 
from said angle point . The intersection between said 
surface and a plane or level corresponding to the 
approach or departure altitude is calculated in order to 

2 0 obtain a limit curve extending in said plane or level; 

then the locus of unsafe entry and/or exit points is 
determined as being that portion of the plane or level 
that lies outside said limit curve. 

In the meaning of the present application, the term 
25 "obstacle" can designate either an obstacle that is 

natural or geographical (i.e. a projecting point or zone 
of natural relief) , or else an obstacle that is 
artificial, such as a structure and/or a building 
standing on the ground. 

3 0 The coordinates of natural obstacles are generally 

contained in a database referred to as a "digital terrain 
model 11 . 

In accordance with a preferred characteristic of the 
invention, a diagram is presented to the pilot that 
3 5 includes the landing point, said limit curve, and at 

least one circular arc, in particular a semicircle or a 
complete circle centered on the landing point and 
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corresponding to a predetermined descent (or climb) 
slope; said slope (measured relative to the horizontal) 
is preferably situated in a range of 2° to 15°. 

Preferably, at least a portion of the diagram which 
5 is situated outside said limit curve relative to the 

point of the diagram representing the landing point, and 
which thus forms part of the locus of entry or exit 
points to be avoided, is presented in a color (e.g. red) 
or a texture (e.g. shading) representing danger of 

10 collision with obstacles surrounding the landing point. 

In order to determine said surface, and thus said 
limit curve, various approach (or departure) templates or 
profiles can be used: a template or profile may comprise 
one or more segments that are generally rectilinear. 

15 When the profile is constituted by a single 

rectilinear segment, said surface is generated by the 
straight lines passing through the landing point and 
resting against obstacles situated around the landing 
point; said surface then presents the general shape of a 

20 cone or a half-cone (of non-circular section) with its 
apex corresponding to the landing point . 

The limit curve formed by the trace of said surface 
in a plane corresponding to the approach or departure 
altitude is constituted by generally curved portions 

2 5 corresponding to the trace in said plane of a ray from 

the landing point and grazing the tops of obstacles 
surrounding the landing point; these portions generally 
form a discontinuous limit curve where a gap between two 
adjacent portions of said limit curve corresponds to a 

3 0 safe approach or departure zone. 

In a variant, it is possible to provide descent 
profiles that are more complex, either being rectilinear 
in the horizontal plane and made up of a plurality of 
segments of fixed and/or varying slopes, or made up of 
3 5 segments that are not in alignment, neither in the 

vertical plane nor in the horizontal plane, having some 
characteristics that are fixed and others that vary. 
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These complex profiles are characterized by an entry 
point situated at the previously-defined safe altitude H, 
by a landing point, and possibly by a geographical 
orientation . 

5 In particular it is possible to use a template or 

profile made up of a plurality of segments that are in 
alignment in the horizontal plane, but that are of 
different slopes, in order to optimize anti-noise 
tra j ectories . 

10 In another variant corresponding to a 11 T " approach, 

the profile is made up of three consecutive segments: 

• a first segment that is horizontal; 

• a second segment in the same horizontal plane as 
the first segment, but followed using a heading that is 

15 at 90° to the first segment; and 

• a third segment sloping towards the landing point 
(PP) and following the same heading as the second 
segment . 

The segments are consecutive or adjacent (meeting in 
20 pairs at respective common points) ; the projections onto 
the horizontal plane of two consecutive segments may be 
in alignment, if both segments have exactly the same 
heading . 

Under all circumstances, resting the template 
25 (anchored on the landing point) on the obstacles 

surrounding the landing point makes it possible to 
determine the locus of entry and/or exit points that are 
not safe in the plane or level corresponding to the 
altitude under consideration. 
3 0 In another aspect of the invention, there is 

provided a device enabling the method that is defined and 
described herein to be implemented, which device is 
embarked or is suitable for embarking on board an 
aircraft, the device comprising: 
35 • a digital terrain model possibly associated with a 

database containing the characteristics (coordinates and 
dimensions) of artificial obstacles; 
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• a computer provided with means for reading the 
digital terrain model and possibly also the 
characteristics of artificial obstacles; 

• a tool for inputting into the computer the 

5 coordinates of a landing or takeoff point, and where 

appropriate an approach or departure altitude, the tool 
being suitable for being manipulated by a pilot of the 
aircraft ; 

• means co-operating with the computer to respond to 
10 the coordinates of the landing or takeoff point and the 

approach or departure altitude to determine the locus of 
entry and/or exit points for said altitude that are 
unsafe given a predetermined climb/descent template or 
profile ; and 

15 * means for presenting said locus to the pilot. 

The invention enables the pilot to see directly all 
approach and departure procedure solutions that are safe 
relative to the configuration of the relief. The pilot 
can thus immediately select a solution that best 
20 satisfies other constraints without needing to proceed by 
successive iterations . 

The method of the invention enables the pilot to 
construct the trajectory to be followed. 

This function can be used independently of any other 
25 function so as to select in a single iteration a landing 
point and corresponding approach and departure procedures 
that are safe relative to the relief. 

It can also be associated with the devices described 
in the above-specified patents, then making it possible 
30 to avoid the stage of successive iterations used for 
finding a safe trajectory. 

Other characteristics and advantages of the 
invention appear in the following description which 
refers to the accompanying drawings and which, without 
35 being limiting in any way, illustrates preferred 
implementations of the invention. 
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Figure 1 is a diagram showing the organization of 
the main components of a device of the invention. 

Figure 2 is a diagram illustrating how the portions 
of a limit curve are calculated by scanning the space 
5 surrounding a landing point by a simple rectilinear 

approach profile, in one implementation of the invention. 

Figure 3 is a diagram suitable for being presented 
to a pilot, the diagram including a limit curve similar 
to that of Figure 2 . 
10 Figure 4 is a diagram showing how portions of a 

limit curve are calculated by scanning the space 
surrounding a landing point with an approach profile 
comprising three rectilinear segments, in another 
implementation of the invention. 
15 Figure 5 shows examples of templates having three 

rectilinear segments and suitable for use in the " 
implementation of Figure 4. 

Figure 6 shows a variant of a diagram for 
presentation to a pilot. 
20 With reference to Figure 1, a device of the 

invention for providing assistance in piloting comprises: 

• a database 11 containing the coordinates and the 
dimensions of natural and/or artificial obstacles such as 
those shown diagrammat ically in the form of rectangular 

25 blocks in Figures 2 and 4 ,- 

• a computer 10 provided in particular with means 12 
for reading the characteristics of obstacles from the 
database 11 ; 

• an input peripheral 14 such as a joystick or other 
3 0 pointer device enabling the coordinates of a landing or 

takeoff point to be input into the computer 10, and 
possibly also an approach or departure altitude; 

• a calculation module or program 13 for responding 
to the coordinates of the landing or takeoff point and 

3 5 the approach or departure altitude as input using the 

peripheral 14 to determine the locus of entry and/or exit 
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points for said altitude which, given a predetermined 
climb/descent profile or template, are not safe; and 

• a module or program 15 for processing the results 
delivered by the module 13 and connected to a display 
5 device 16 for presenting to the pilot a diagram that 

shows the locus of entry/exit points that are safe and 
the locus of points that are not safe. 

In this figure, the arrows interconnecting the 
members or units 11 to 16 represent connections between 

10 said units or modules and also the directions of the main 
exchanges of data over said connections. 

With reference to Figure 2, three obstacles Ol , 02 , 
and 03 extend around the landing point PP. A ray or 
straight line passing through the point PP and forming a 

15 small constant angle relative to the horizontal, e.g. an 
angle of 2°, and sweeping through 360° around the point 
PP generates a cone CON2DEG of apex that coincides with 
the point PP, that is circularly symmetrical about the 
normal N to the ground at the point PP, and of cross - 

20 section relative to the axis N that is circular. 

Thus, the trace of the cone in the horizontal plane 
P situated at altitude H above the point PP constitutes a 
circle C2 centered on the vertical projection of the 
point PP onto the plane P. 

25 Similarly, the trace of a rectilinear ray Rl passing 

through PP and sliding along the edge ARS1 at the top of 
obstacle Ol forms in the plane P a limit curve segment 
TARSI. Similarly, the trace of a rectilinear ray R2 
passing through PP and sliding along the edge ARS2 at the 

3 0 top of the obstacle 02 forms in the plane P a segment 
TARS 2 , and the trace of a rectilinear ray R3 passing 
through PP and sliding along the edge ARS3 at the top of 
the obstacle 03 forms in the plane P a limit curve 
segment TARS 3 . 

35 A limit curve CL combining these segments TARSI to 

TARS 3 can thus be calculated from the traces of the rays 
bearing against the obstacles surrounding the landing 



10 



point, which is equivalent to determining minimum 
approach or departure slopes as a function of the relief. 

With reference to Figure 3, the limit curve CL 
extends inside the circle C2 centered on the vertical 
5 projection of the point PP; the curve CL is open: it has 
two ends CLL1 and CLL2 corresponding to the points where 
the curve intersects the circle C2 . The curve CL 
subdivides the disk defined by C2 into two regions: a 
central region RSUR that includes the projection of PP 

10 and that constitutes the locus of safe entry or exit 
points, and a peripheral region RNONSUR which is the 
locus of entry or exit points that are not safe, which 
region is shaded. 

The diagram also has two circles C3 and CIO 

15 concentric with the circle C2 ; these two circles 

correspond to the traces in the plane P (the plane of 
Figure 3) of rays passing through PP and sweeping the 
space around said point with a three degree slope (for 
C3) and a ten degree slope (for CIO) respectively. 

20 This diagram enables the pilot to see that a safe 

approach zone Z2 using a rectilinear descent profile 
sloping at 2° extends between the points CLL1 and CLL2 on 
an arc of the circle C2 ; this diagram also makes it 
possible to see that a safe approach zone Z3 using a 

25. rectilinear descent profile that slopes at 3° extends 
along an arc of the circle C3 . 

In practice, for an approach procedure close to a 
landing point, the pilot selects an initial approach 
altitude considered to be safe for the zone around the 

30 landing point. This altitude defines a horizontal plane 
or level situated at an altitude H above the landing 
point. Ignoring relief and wind, the pilot can select a 
descent profile from said altitude for reaching the 
landing point . 

35 The simplest descent profile is a straight line 

starting from the altitude of the above-mentioned plane 
and reaching the landing point . The slope of this 
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approach axis can vary between limits as a function of 
the capabilities of aircraft and its configuration. The 
procedure as described above includes an entry point 
defined by the point of intersection between the plane 
5 (or level) and said straight line, and a final point 
which is the landing point. 

The device sweeps through the space around the 
landing point, generally through 180° or 360° with a 
template describing the above -described procedure, 

10 possibly causing the slope of the template to vary, where 
appropriate. It thus determines profiles starting from 
altitude H and reaching the landing point that are safe 
and profiles that come into conflict with the ground 
and/or obstacles of positions and shapes that are 

15 recorded in a database. 

On a display screen displaying the geographical 
environment around the landing point, the device traces 
the locus of all the entry points of descent profiles 
that are not safe for the initial approach altitude H as 

20 defined above. 

An upside-down cone having a half-angle at the apex 
of 88° (90°-2°) , with its apex being constituted by the 
geographical point under consideration and with its base 
being the initial approach altitude is investigated over 

25 360°. Minimum usable profiles as a function of relief 
are determined all around the landing point. The entry 
points of these profiles are projected onto the base of 
the cone . 

The surface RNONSUR describing the portion of the 
30 cone that is masked by obstacles is displayed in red. 

The displayed size of the device is a function of 
the selected display scale and the initial approach 
altitude . 

If the initial approach in question is at an 
35 altitude of 1500 feet above the landing point, then for a 
slope of 2° the symbology occupies a circle having a 
radius of 8 nautical miles. 
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A pilot seeking to define a safe approach can 
position the entry point of the procedure outside unsafe 
zones, i.e. on the portion Z2 of the circle C2 that 
corresponds to the 2° slope. 
5 This can be done either using traditional data input 

means, or by means for inputting geographical 
coordinates . 

When inputting geographical coordinates, the pilot 
positions the entry point directly so that the descent 

10 profile is safe, with the zones of safe and unsafe 

entry/exit points being calculated in real time as a 
function of the position of the landing point 
corresponding to the position of the input device. Since 
the pilot is relieved from verifying mainly that the 

15 approach is safe relative to obstacles, it is easier for 
the pilot to take account of other parameters such as 
wind direction, not overflying a built-up area, and 
managing fuel supply. 

By means of this device, the pilot can move the 

20 landing point around in the landing zone; the pilot can 
then observe the associated figure CL as calculated in 
real time and can thus find the landing point and axis 
for which the locuses of the entry points are optimized, 
given other constraints set by the pilot, such as wind 

25 direction, not overflying certain zones, or a limiting 
slope . 

The simplicity, speed, and interactivity of the 
device enable it to be used in flight in order to define 
a new route that has not yet been defined, taking account 

30 of slopes that are inaccessible in azimuth or in 
orientation . 

With reference to Figures 4 and 5, the simple 
straight ray of Figure 2 can be replaced by a profile PR, 
PR1, PR2 for calculating the curve CL . The profile PR 

35 comprises three rectilinear segments Pa, Pb, and Pc of 

different slopes, each of which can be associated with an 
altitude margin M that may be (pre) determined in order to 
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compensate for errors in positioning the point PP, and/or 
the obstacles, and/or for taking account of overflight 
margins . 

With reference to Figure 6, the diagram D comprises 
5 two semicircles DCA3 and DCA15 centered on PP and 

corresponding to slopes approaching the point PP at 3° 
and at 15°, respectively. The diagram D also shows two 
semicircles DCD2 and DCD6 , likewise centered on PP and 
corresponding to slopes for taking off from the point PP 
10 at 2° and at 6°, respectively. 

A point PE represents an entry point at an altitude 
HE for which the approach (half ) diagram has been 
determined, and for which an approach at a slope lying in 
the range 3° to 15° is safe. A point PS represents an 
15 exit point at an altitude HS for which the takeoff 

(half ) diagram has been determined and for which a takeoff 
from the point PP along a slope lying in the range 6° to 
2° is safe. 

The climb limit slope in the event of one engine 

2 0 breaking down in an aircraft having at least two engines 

can be displayed. It depends on external conditions 
(wind, temperature, pressure) and on the performance of 
the aircraft. The value of this slope can be recorded in 
a memory of the computer 10 and/ or can be input by the 
25 pilot using the data input member 14. 

One or more segments SROl , SR02, SR03 , SR04 of the 
route selected by the pilot are shown on the diagram; the 
cardinal points and the wind direction can also appear 
thereon, as can be seen in Figure 3. In this example, 

3 0 the segment SR02 represents the final approach procedure 

and the segment SR03 represents the takeoff procedure. 

On this route, a star-shaped symbol represents the 
entry (or exit) point; this symbol is surrounded by a 
first circle representing a first margin corresponding to 
35 a positioning error for the entry point (or the exit 

point) , and a second circle concentric with the first and 
representing an additional horizontal piloting margin. 



